),1) it was observed that naturally occurring catecholamines injected into the sinus node artery of the dog occasionally produced a negative chronotropic response (NCR). It was also demonstrated that this NCR was blocked by treatment not only with atropine but also with phenoxybenzamine, hexamethonium, or tetrodotoxin (Hashimoto and Chiba, 1969 ;2) Hashimoto, Chiba, and Suzuki, 19703)). This suggested that injected catecholamine acted at a presynaptic alpha-receptor to induce the ultimate release of acetylcholine from postganglionic vagal fibers.
In the present experiments, we attempted to determine whether nor- depression of sinus rate, and an AV nodal rhythm occasionally occurred. Therefore, it was difficult to ascertain the blocking effect of propranolol on the NCR.
DISCUSSION
In a recent review of cardiac sympathetic-parasympathetic interactions, examples were cited in which the peripheral components of one division of the autonomic nervous system were excited as a consequence of activity in the other.6) In the dog heart, Katoh (1964)7) occasionally observed a deceleration of sinus rate by topical application of epinephrine and NE to the SA node area. He ascribed such a paradoxical response to ischemic depression of pacemaker activity caused by local vascular constriction. Hashimoto et al (1968,1) 19703)) also observed similar paradoxical responses to injection of naturally occurring catecholamines into the sinus node artery. However, Chiba and Hashimoto (1970)8) showed that NE usually caused an increased flow rate in the sinus node artery, which tends to contradict the hypothesis of Katoh. Conceivably, however, there could still be decreased flow through SA node tissue, but disproportionately increased flow in the surrounding atrial muscle supplied by the sinus node artery. Therefore, the role of sinus node blood flow is still uncertain.
In this study, we observed a phase of marked deceleration of sinus rate in response to NE in all experiments, provided the dose was sufficiently large. This NCR was elicited even after bilateral vagotomy, which would eliminate the major efferent pathway for reflex sinus deceleration. Hence, the NCR would not be ascribed to levation of the systemic blood pressure which occurred when the inta-arterially injected NE reached the systemic circulation. The NCR was completely abolished by atropine. These results suggest that large doses of NE release a significant quantity of acetylcholine, probably from vagal terminals in the region of the S-A node.
Very large doses of NE were usually necessary to evoke the NCR in these experiments. Therefore, whether this response represents a valid physiological mechanism must be questioned. It is difficult to compute the maximum concentration of NE at vagal terminals in the S-A node after injection of a given quantity of NE into the sinus node artery. Also, it is difficult to compare such an estimated NE concentration at vagal terminals with that expected to occur as a consequence of a given level of cardiac symathetic neural activity.
A very crude biological assay of such concentration was attempted in the present study by using the maximum increase in heart rate in response to intra-arterially injected NE as an index. The large doses of NE used in these experiments produced a PCR (Table II) which would be expected to be produced by an average frequency of cardiac sympathetic neural stimulation of about 4sec-1, according to a previous study from this laboratory (Levy et al, 19699) ). Such a frequency of neural activity is certainly within the physiological range. If the local concentration of NE at the vagal terminals is similar to that at the S-A nodal pacemaker cells after injection of NE into the S-A nodal artery, then perhaps the NE concentration at these vagal sites is also in the physiological range. The study of innervated atrial preparations by Leaders (1963) 10) lends support to the hypothesis that the NCR observed in the present experiments might represent a physiological mechanism. After cessation of sympathetic neural stimulation, Leaders observed a period of cardioinhibition which was augmented by physostigmine and abolished by atropine. Hence, it is likely that the NE concentration during cardiac sympathetic neural stimulation may attain concentrations at cardiac vagal terminals equivalent to those reached after injection of the large doses of NE used in the present series of experiments.
